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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method capable of 
precisely grasping a floor reaction force acting on a leg body 
of a two leg walking and moving body such as a man and a 
moment acting on a joint of the leg body on real time by a 
comparatively simple method. 

SOLUTION: Whether a movement condition of the leg body 2 
is in a single leg support condition or a both leg support 
condition is determined, and a floor reaction force F acting on 
the leg body 2 in contact with the ground is inferred based on 
a movement equation of center of gravity GO of the two leg 
walking and moving body 1 when the movement condition of 
the leg body 2 is in the single leg support condition. When the 
movement condition is in the both leg support condition, floor 
reaction forces Fr, Ff acting on respective leg bodies 2 are 
inferred based on the movement equation of the center of 
gravity GO of the two leg walking and moving body 1 and a 
relational equation between components of the floor reaction 
forces Fr, Ff of each leg body 2 and a position of an ankle 
part 1 2 of each leg body 2 for the center of gravity GO of the 
two leg walking and moving body 1 . 
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ww^o^+i-enjcfpffl^ ^ B?fia«/S:^j t {c J: 0 * $ n 
•c$>?,c t^^mfr?>nnm 1 i3ig©-£^tfi^s(r«j 

C»^3] B?ieMW»±ic^JW«:©flSMg5^^>L-r3t 
nfcjlB^©flSng5^») ©T«B©±T^r[ni©ftiaiK* 

Mft©TSC©±T:^ri«fI©iJniiSj&s* 6 *^ D a&Se* tcWrM 

mmt^ c i^mkt-r^n^m 1 x»2£ig©-s^ 
jKM«s©-en^n©®ftftst. mmii&mm$tsi^>S: 
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#:©*/C^©^ig*^;^*^t) S i ^t{C. -e©fi'C^©firg© 

B#5S?ii7=-4'K:a'5§Kaisi,.^5c5*-r^^fi.c^©»n3sa 
*«'X*«>, ^•©s»i^{c*f-rs^'C>©fl]jSS<b> Bflf 

10 1 ~ 3 ©i ^-rndi 1 :«(ciais©zi^^tf ^8bf*©J5i; 
fflt,>-5«5riaiiHf^©«^^ftg[». Hir^si5RCJfi»gB©-en 

^n®i«M:fta-c& 2, c i <t -r 5if *314 x» 5 
20 ta*g©-jE^ff^i«t«:o^tc;^«S:^f& 

«6#:©^lWf*:©)g5|IIIffi©T«««:i?-rSTiSSPi. ^ffi 

i5So'i«tarag5©ra©:;*:iRgi3i. wiaiigBi. m^u 

8 ] f»*a 1 ~ 3 ©i=.-m>&^ 1 :SJcsa«S©z:jE 
30 &W^*:©i^Vi < i 3©MgijK:{'Pffl-rS^-^ > h * 

g0©^n^n©®ffl«si. la— s^?fs«i^*®*?.*> 

DJ6Sis?)/cSiS^&©BuiB^>Pflffi^J^{C*iW5j]naiS<!: * 

H«§apft©M4«*i. B«fa#Wf*©BaMi5sc>'Mg5 

•r€)#K!lf*:fiSg|5©«'GN©fl[g€:^>j>J*«e)-Si^tK:^ ^ 

«ll-'^.5c^^^s^fl:ta^gB©«'l:^©aJiis*^'^^^) 
so ^iilJ^^c*r•rssp^!I«^ti^g|J©s.l:^©a]MSt, h^ib 
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fit^, 10 

«jt^©MiS*- ^ > h 20 

[fssta 9 ] 4 ~ 7 <D«,*-rti*> 1 3®(cia«©zis 

<D^ti^n<DmmM&b. msimwj:yi"ef=ji'ticm 
. ^BJ^ y > * T^jKD^PMi^tcssMS-r j£*ff 
^»^©^Wf*fiSgP(DB«ia^*f j^;g^{c *j 

Ka»."^.{c^^^#H!iwasgi5©»D©jjnaiSi . mia 
i^M««{cfc ^ H>ria»^ii>s©j)nitKi e>ii[^M 

mtcis W S§SI!l«:tB^a5©S'C^©*niIS*a^^S)-5 

^^■^•y-fi.. 40 
miia«P5!l#tSag|J©MMftS©^^Jf^- if tca-:5## 

BMiaziS^tf ^Silft:©pg!l<*tBSa5 i U-C©SIWf*©AIE5 
Sl5©MI4:^J^i. ^lii*©]^g5©®ftftJti©^^© 

«:©)*S*fPfflj^©}83£Cl[«%«;>t*«)S X ^ 7'i 

H«ia)5KS:^7©«l^fii<!:. Wfa5KJg;^>{'Pffl,-#,©}iS{4g 

«^fa^i>!tll^3S^c*sws#H(l^**iSSiJ©S'I:^©^J^a 

i^!:>^^l«imB^SIS©llj!)Dilg[<!:. ^Mft^ffi^SISOi^ so 
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&RiJf*fl^aJ©*6*^t;i6*J*fcS*SO*-!?->(' 
3j<S)fc«.C^©<ag<!:, SM!l#tBSS|5©*6*^Dei&:^ti?>/c 
nj£#tf^«)^©^W^©^^c < i ^5-o©Mffi{cf^m 

[0001] 

h^©z:s^f#i&«:©lBi«:(cf^ffi-rsjPicjS;^*«i 
S-rs:i^S{cM-r^<. s^k. ^©j^js:t>©«i^fit*ffl 
L»rrjE^tf^ij)^©W^*©Mg5{c{'gffl-r6-t-y > h 

[0002] 

i^X h«S©«lf?$(ltai^> -S#tfP>i^"2' F©^^S&f1f 
©*fl13P*tf*^»^. Aia-^^JE*tfn.-K^; h©llf*tc 

f'^ffl-r^i^KjS;^ (i*u<». »|ift©®iig|5Kj**:>6f'^ffi 

^imt S C i Zlja^tf SStf#:© W»©Mg5 CCfpffl 

[0 00 3 ] tjiaja?jg:^j=&jea-r.5>^isi urtj^ 

l*!HFg82000-24957O^&IE{Cg§^KSnrtiS fc©*^^^ 
(n=l. 2. -) ©SmcM^Sr^S^XH^WrS^^© 

HftM^©-&fiS«i (— <torft^^5fc©-c* 

So c©ii^> jam©=ft^i^=&^jjX-rsi^©#=iiM 

[0004] vt^iyUt^h. ir-a^^i^mx'U. rs^tf 
*jis»i/j:5i-rsfe©-c*.&fe4?). r.&mTmim<D 

[0 00 5 ] ^!|;?.tfZlS*tfO h^Cfct^r 

». S«i»©Sirg|J-?>S¥gPic6ft^42>-9-i|ECD:^-fe> 



[0 00 6] L*»L,)Q:*S6. :tH2>f-€:ffll»-5^-C 
[0 00 7] 

[0008] 3 6{c. ^omBLtKDmmm=s:mi^-r:m^ 

[0 009] 

[0010] -M.0'immw(Dmi^(Dmmim. m^u 
mmim<Dmw<DmW}Wu. hi (a) (c^j^-rs 

mm^iRmt. mi <b) fc^-rj:5K:wjw«:2. 2 
[0 0 1 1 ] ccr. s-r. Huia^W^^ttrntet^ 

^CFfx+Frx, Ffz+Frz- 
SJ(3)cp©ax. az. M. gOSm*BlrM<D<!:*J 

[0019] *imH^#^©»lM(cj:n«. WW 

Ff. Frt*. mfc, HI (b) {C^^J;^(c. SIfilfi: 
2 . 2 <DTSiSg|5ia«l?©!|^S|5& 1 2 f . 1 2 r ( W^L«JS 

•ifgp) 3&i6z:s^tf^i6f*:i©«'CvGocci&i*»-,rf'Pffl 

^C^G0(C^t•r*#Wfi:2, 2©BUia!NFffig|5fil[l 2f. 12 
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•en ax. az, mi\^x\.^mw2 i^mm<omw 

2) «C^Sacjg:^jF©X«*lSl. Z«l7^©^^**ti 

-en Fx. F7.tis<t. m<t>^QocDmM-mm\A. 

( 1 ) (cj:0«3n-5. 
[0012] 

^CFx. Fz-M • gr) = M • ^(ax. az) (1) 

(fib. M : ~&mmmw(Dmm. g mt)mmm) 

w [0013] ^(1) «^3©M2©fS3fiSI3^^ ( , 

[ 0 0 1 4 ] tjfor. ii&mn^ws» 1 ©fi't^GcKD^jD 

jiSa-'Cax. az)4ft5a-rnK. ^©JtoiiSai. 

r^mmmm^ 1 ©MfiM©^ t , s:^»n3Sg g ©« i 

^ffit,>r> ^J):^ (2) {Cj;f). leRK^F^'CFx. Fz) 
[0015] 

'CFx. Fz)=M-^(ax. az-g) (2) 

20 [0016] c©jt-^. mm.t}¥ om&m^n^fcmc 

[0017] y^cc. BuiaWWS«fett^(cfcWS-S*=ff 

#i&*©«^d>©ai65^s^ <i^b < »«/C^©^aittcc 

30 #©Mai©«7:'5^ WM'O'fici'^mT^m.f} (=z:s^tf 
^ft»(*:©ssxs;^j]naa) MW($©-en^-n©s 
msi>vim*^h{'^mt^^Kti (MWi^ic-en-enjptjcs-r 

S--:>©]ERS:t)) i©^:^7{ct^L-i*ii»^K^^5^icfj: 

5, mwmcu. Ill (b) iC7jk-rj:'?i,c=i&m'mm 
W 1 ©iitf:)^[^j(crsi*^-orttrM©W<*2 {c^SfRK^jF 

f©XZ0«RS^5>^Ffx. Ffe «fl!i|©IW«:2{C«&SJ^ 
mi F r©X Z )^m5>^ FrK, F rzi *i< i > S^xGO 
©aKi:^S^{*, (3) K<fc«5^3tiS« 
[0018] 

*40 

-M • g)==M • ^Cax, az) (3) 

KOfegi. ^mW2. 2iCim-r^mm}Ff. Frt 

©rfflKw-s©M#s;. rrj:t>^. friBa>c^Goisw 

f*2, 2©!^^§Rfi3f. 3^<!:'&ie^^^©l^a* (KM 

-c^GotcM -r-sfef^gp^a 3 f. 3 r©<ag-^^' h )l<Dm 

t)t&m.mi^2, 2i.m:BmRtiFf. Fr<DJ^^icmb 

[0 0 2 0] Mimicit. 01 (b) *#Mbr. H(iK 

«5*t@l^l^ C f tcfc SM'C^G 0©{4g©M:S^ ( X q. 
50 Zq) « Blfffl!JJ«I#2©#^g|Jfii3f©f4g©^«?: (X 
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f. Zf) . mmi^2(JM^$^{{L3r^iiLS<Dm.m'S: 
(Xr, Z r) i*J< ^aomm^mX^ (4)<i:J&>K [0021] 
(Z f- Z g)/CXf- Xfl)= F fz/F fx 
CZ r-Zg)/(Xr-Xg)= Frz^^F rx 

(4) 

[0 02 2] *Ur. CODSi (4) iHUieSC (3) J« [0 0 2 3] 
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( 5 ) 



Ffx=M- {AXf • CAZr- ax-AXr- az 

-AXr- e)} /CAXf • AZr-AXr- AZf) 
Ffz=M- {AZf- CAZr- ax-AXr- az 

-AXr - e)} /(AXf • AZr-AXr- AZO 
Frx=M- {AXr • C-AZf - ax-t-AXf • az 

-t-AXf • e)} /CAXf • AZr-AXr- AZO 
Frz=M- {AZr- C-AZf - ax+AXf - az 

+ AXf • fir)} /CAXf • AZr-AXr- AZf) 



(5) 



20 



[ 0 0 2 4 ] i^-^r , iis.mmwsi^ i cdS'II^gcxdjo 

aSa^^Cax. az)^fflffl-r^i<!:ifc{e:. -JE^ff^ 
»J^l©*'C^G0(C^-rSSW^2. 2<D^ti^n<D!^ 
5^fii3f. 3r©fea (CiaWSC (5) -CtiAXf, A 
Zf. AXr. AZriCJ:'Om$tl?>) ^imTtlit. ^ 
©JniSSaSO'iRF^gPfiiSf. 3r©feai, — S*ff# 

HOia^ ( 5 ) (C J: . Sjfil#2 »(DJ5SmjF f=' (F f 
X. Ffz). Fr='CFrx. F rz)(DJt5£fii4f#SC 

[0025] COm-^. m^Ff. F r<r)ii3effl%»* 

fcdbtCii^Si^cSSMK. *F.5&iD*tf-iiJ^{Cj;«3ft2ffl-r 30 

^S'CNGOK^ff •5«WS!^Sg|5&3f. 3rOD^ 
[0 02 6] «±SiH^lx/cCi*«J^ibT. *f6B^^ 

tf^im-r?>:^mt. mm<Dmmimf&-r static, m 40 

nfc*ss*j^^;g-c©^«'6<Djniis^3i'X*s5>-502 x 
s*^sfii[g4syc^to403X7^ )>7'i*fii^€.. -eu 



AZf=Xf-Xft AZf=Zf-Zq. 
AXr=Xr-Xq, AZr=Zr-Zc|) 



[0 027 ] Jtpj&^s^BBjic^tna. Suiam 1 

< 1 ) #iis) {ca-Ji^t:, —&^^T^mt<Dmm. mti 
[ 0 0 2 8 ] -s^'i=mwi»<omm^w&v 

(3) #M) §)aif*©!|t^gl5&©Mia«^C^(C*fT-5 

iastKKiftKf'gfls-r-swiiams^itDr^icDMi^s: 

(4) > ticmni.^x. -Js^fT^tti*o«fi. s^»n 

;^w>jfee«*!**6n4 (5) . i^. #iw3t 



9 

mr^^Ktjit ro J -c^So 

[0029] caym^s mm:h<Dtmm^ncii>^fc!i>ic 

[0 03 0 ] m-ox. :^mm<ommimM-^micj:n 

«, -JE#^fSi!)^^<DS■irS|5■^JETS|5{C;tr•fe>•t^^:^ 

[003 1 ] i)^i>^^:^^M(DmK:mmysm'Cit. mm 

[ 0 0 3 2 ] Sfc. *^H^©)5KS:^;«l«:^Sr{i« wie 

PiSff 0 ©Tg|5©_hT:msi©*lljSS^tf-i'Jt--Sx 7=- -^^ 
B?riaill B«i5B^(DTSl5<D_hT 

[0033] rtsiiyis. r.^^m9ii»o^tbm (mf 

mi^ftci'^mr^rnKtiit. roj {<:iBTL.-ci,K , se-^ 
WKftRti-cib s i)^mm^jm^^x'$>i>i)^(Dmm^mE 
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C 0 0 3 4 ] 1^5, AKOJ: 5{c. inap»*iwiw«:{cjia 

mm^ifi^xw^^ntcwMt. mm±.^r:w&mm 
uxmMnmmthimt^mtrh^'jWi-^t.c^t. %\ 

rij\^<Dmm^x:h 6ct iimmx$> 
[ 0 0 3 5 ] s fc, :^^m<DmRtim^-^'mxit. m^i 

jnjSffi^JBSf a^»©^^*s*^6 

sa^jGS-r s c t ifimmxtb -s . 
[ 0 0 3 6 ] -r^ct)-^. munmw±.t<c^mw(Dwm^ 
^^\yX^n^nfcmw(Dmmnm.ii. ^mw<D6>tj:< 

Bins02X'f--y7--cw. mwiim<mM^nm.t. m 

rjE*tf^s{(^©s^c^©{4s*s;^:*«&s<i:*(c. ^© 
m'D©fln3SiK^jE^x*jst>, ■eca^^.jc^-r ■s^fi^c^© 

[0037] f — jE^ffsaafttJKffigtcaiSj^ 

ii»i'}x<oizimt. mmBii^hrm<D-rmmt<Dim<D 

mb<it. ^mmm^icMvxmMbtcmmmicii 
i,>xm^mm!^.im-r ^=-&mmm#<z)m'L^&M=^ 
mmmt . mM'\j^<D&.s<Dmmnf'- 6 tea 3 n ^ 
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*i < c i ic J; 0 . mmmmi^is^-) ?>~&0n^mw 

[003 8] C©ti^. JiiliCDJ; ^{CZUa^ffi^Kl^:© 

ttijig«:ji2aTS5t*K:i4;<s«i:i0ftKDm*ffis». mm 

[ 0 0 3 9 ] fi§or, ns^tf^«j#(ctbt?B^:A;S^-fe 20 
[0040] C © J; ^ i<cr.!S.mf^Mi^<Dm.'(j'Oii.m^ 

[0 04 1 ] APa©<f;5fc. ffnaMP*^(cfl§Mgi5 
!|tKc©is^. HfriaRii^cy ^d'^T^^utt. Miazija 
[0042] cntc j;n«, mvir^mmmwi^Am 

[ 0 0 4 3 ] (SS. ±^©J: ^KJ!M^©Mi4ftS^*>?)mi 
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r**. c©«^. sii^tc*t-r*iria!NF«ai5fe©aa 

mm^omm^) &ifii<*©jsMggRo'isMffi©® 
itca-tJi^r^ K»i^(c*f-r^#jwf*©!|#^SR&©{4a 

[0044] ^XCC, *^gg©Il£^f^Kli^©M»'t- 

J: 0 ^yc*«6fct«ia§l»<*{c^^j5^:?j©^i^fii*ffli^ 

^:^BjcDMffi^-^> hfti^:^r&tt. BBfaM]W*±K:# 
Wi*©IKMffi^/M^T^}t3*a/c)PI(*:©M#4ftlS<!:««ia 

^IS i^JE*tf^«r<*©* *> C*SJ&fc»i^©M 

ia*6^sf^«^{c4<5t:t §j)nsa± ^&^n^nim-r -5. X 7=- 

H(iiaSPJ!H*tBSg|5©i®l4ftK4&Bl!l#*aSgB© 
^SP©* 6 D«&*d6)tS>C^©fiiai (c«-^# , mnSM 

s-^ t mmms^^icKt-r ^§i(H*tBagi5©a>c^©ttiajK* 

©S'Cv©j!]n3i]S^taf£^>^l^l^(c«3(':f%lriattmj^.© 
JnM^i 6KISS*llSlS^c*5t:f ■S§P5lI*fBSg|5©S.C^ 

©*ij)iffi?:^;?:*j!t>5 -jy't, Huia^Bi^aaaj© 

«*4fta©B*«?>Jf'- if(cS-:y#-&P3!l«cffl^3l5©ftiniS 

JKj£^^i):*j& ^ X 7- 7* t . ®ria— S^^tf ^«r{*© Wi* 

ta^gPi tr©#|«l{*©;^JBIg|3©<^4^)S<i: . SW^© 
]^M«5©®ftftKi©^ ^©^^c < t ^>-^(ca-3itfe 
-S^f«fa(il*{cfc w ■5&Wflj©J35S;t»f^ffl.^©ii5£ti[ 

§Pi!iftti^sp©«>e.!?pD«>^fefcSi4*-y > h 

i»Tji«i;^j^^r-5=^;Kca-:y#Huia-JS^tf^Wif*©§P 

•r 4 c <!: *!t#sft i -r s *>©r & s . 
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[ 0 0 4 5 ] i^a. iriecDj: ^ic. mmm^t}im:mic 
ffl-rn{fj:(,*o 10 

[0046] *»*»S*l6W©W85*-^> hii^TSfffit? 

fi^aJ©s^c^©fifg**^i^)5c<^;*srt€). 36(c. » 
*Si.*{c*fu-5#BB«ttBsa5©m'C^©/niis», ^m^Cx© 

It SiiKat|l*©ftl3SK*ft#J Crfe < C i {c<fc »3 . ^ 

^M««fc*i w ^r:j£^tf#Ki^©SRi|#taSS|5©s 
'C^©flnitJS5&5. te*'C^©»*Si#.(C)it-rs»a3iai. Mse 

[0047] 5 P,{C. f(t2SB!^^*fflSgP©««4ftK©l^ 30 
S{i!lf*|g^g|5©ft^»gf*s*j&p,nSo 

[0 04 8 ] ^rl^BJ^^CO^MtCinSS. 

tt-tSl^T. -S^tf^«lf*(C:tefrtS)^S:^»{1fffliS©JfUe 40 
[ 0 0 4 9 ] UT. i:ai©<fc ^ <,CIl&m'if^WlW<D^ 

:^f*fe{cj:f3*&6n-s)^s:^©«^ffi<!:#ti-r. -ene> 

<Df-*t^iPh. <ik'm(DmtmMit}'^'i:^Mcm^^<^X 
&«H*©JBlMg5^)SMg5fcfPffit--5*-y > h*«l3e^ 
?.c:i*5t?*.2.„ c©j^:^^*f';i'{c»-:J<#)Stt. 
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©llts}lt& (0!l^(^Pi!l^i^a!©£'C>©@(7©aftejE 

m) im-r^m.mm^L^m^^xmw')yi?'i:7')\^<D 
#M0(ctas-r -s^tf ^«tif*©&MgS(cf^ffl-r s * 
-jf > h i&i^^jf^ffl.'Stc j; f) iai,>fc©*»?.jiR#{c^& 

* 5 i U tcM^. &lfii^©Teia5©*'C»© jfeiia 

i&tcMt-5ii«t:«^3;{c. m^iiia5©a'C>©ttiiis. ^ 

ffl*©«mgi. mm»(DmR:b<oimmt. mrm 

g|5{CfcW5KTIESI»©»C^©agRS>'RTMS|5©-9--t' X 
(SS) tc^to5f"-^f«li. ^TffiSI5©fll14-=e-^ > 

h©Mi. teT)B5gP©<W«4^a©M<i:^i*TiEg|5©lHffK 

[0 0 5 0 ] ifc. -sw*©Afigp©»CN©#aa«|i(c 

g|5{c*sWSte;^raSI5©*.£ix©fiiaR«:)f^PSl5©1f X 

[0 05 1 ] *i*^S:*%B^©Mg5^->> b}i^:^(c 
cfctxsi. B«f^©4^l%B^©j^JS;^j«l^-Sicj:t5#j&e.n 
fc^iS:^f©«ISfii*ffl(r»TJW«:©Mgp«Cfpffl-r-S*-^ 

[0 052] 

[||BJ©XJfe©ff5M] *^Bj(D-|D5tJ]5,@*wriBH 1 m 

zjf(cm2'^mi o^m^.bxm^-r^, 
[0 05 3] ::mmmmu. n^^mmnwi. lxoa 

m^mm l tcmtmmxnb 

^©«)i£^;^'jTsi. tE:&-M(Dmm. 2t. mm 

3SOM4*^6?j:6M{*5i. Slgl56i, fefe-^f© 
m.W7, Ti^WfSo flBft5K. -e©MS|53*5ffil* 
2. 2©-en-eh{C^;&— )lst©KMSi8, 8*/|-L/r^ 

5©JiaSB4tt. mm3(D±micmf^3iCMbXAMl 

©mr:^»c^Hl<»«:#u-ri>-5. c©iftaJ4 
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[0 05 5]#)WH*2. 2«. iSM«S8*>P)JSa-r5;^ 

msp (smwgs) i 2 ^/M^-cs^gp i sjjsiii^snr 

[0056] ^mimi&Vit. COJ: ^ -5 

AW 1 <D^mw2icifm-r?>m^t><Dtm. 3 

[0 0 5 7 ] ■Tj'j:*)^. Mft5©!Slgl54(Ctt. BaiH54<D 
i^4{cf* ^ «3iS{C)£Dfctii:^?:l^-r -5 -f P -fe > 
■9-14 (iJ(T, ISgPi^f -rp-fe>'yi 4ti,^^) J9£9 
@R4 ©«f^:^<DM»K{ctc:i;/cai:^*^^^-5Jnag 

<t, CPU, RSM. Ra^*i6«^3n.Sfll»MailSl 6 

m^mmmiii 6m<Dmm6i3:i>^^^9-'j 1 7 i 

1 4 . jiagi5B?^jjniijK-fe>if 1 5 . vsiffMs^g 1 20 

6 SlOVn* 7- y 1 7 tt, m^itm^A K:0^L/i&t>^;U 

[ 0 0 5 8 ] iS5. )»«iJi!injSMf-fe>i^ 1 bcomijijim-m 

mmu. J:«5i¥G<tt, )[&g|54(D*¥»TM:3^l^>I (I&SI54 

:fin«i (02®ite?pf)^®3Ror)X«i:^iaf) t?©j!)njSiKr*-5 

[0 05 9] ifc^ Mfr5<Di|g|53{Ctt. mU3(Dmm 
9 <OT. KSfi^+-f n-fe>tH 9i(,i5) gS|53 
•y2 0 («Tv JgSPirf^jIS-fe>-!^2 0it,>'5) 

K-fe>i^-2 1 mr. mu±rmmm-t>-*)-2 1 i*,^ 4o 
[0 06 0] cc-c. mmtmmm&-\2>-^2 0it. j: 

*¥»T®:^[tij (MSI53©*frC^iii[3^-r-5.^l6i) ■v<Dmm 

ftniiK-te 2 1 « . * 0 u < tt, JSSB 3 (ott^c^i^rni 

r©±T7^i^©ttias (cn{*)8!gpirf^ftnisetH2>-y-2 

5. 058i58!r^unjiaH2>-9-2OR!ytiKap±T*njiK so 
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fiSS nfc *>©r* o t: J: t,i, 

[0 06 1 ] 3e>{cSBWi*2©)iag8l58<!:)ISSMg5l Oi 

5flSMg5ft]gH2 2 2 SO»giiftJg[-fe 2 
3*s^«3tiri,>.5., i^a, raf5ftS-t2>-9-2 2fc-r3t> 

-c«, H2-ctt#MrftiJ (A^i©Bt^{ct^*^or«flij) 

©JtPi*2 0jaMt68«:^t>S)aK|g5«S-fe>-y-2 2©* 

2£ffilJ) ©IW«:2©JKMg58{C«. ^MM©JSMI5Affi-fe 
>1f-2 2 il^/WC. JSMg!!ftg-fe>1f 2 2*s$^3n-C 

[0 06 2] cn6©ft]KH2>-!f 2 2. 2 3«, m« 
;l<7">2^3^-^r{CJ:9«^3nfcfc©-C*0. 

eP9 k<D'^mmmfT^<D^mm (m^itAM 1 ©a 

m3icM-r^&m»2<DAm\i9<Dm.mm8mKi ixm 
1 ©£&:msi{cfcit 8 ©ffrc^ig ij ) <m^m. 

fSan&Aedkt. SiBlf*2®:^S|59 iTilSCl 1 i© 

issp 1 1 (D^'ij^tmsiiiw-nt fx ^m^mm cc*s i 
^^^aoiiofc, A)ia§c9(c>[fr.ST)ii8gpi Kommm 
1 0 0 «5 < AF5 1 <D:&:^\^K.isiif^mmm 1 0 ©^4^Q^ 
HO) om^mrcub^. 

[0 0 6 3 ] i^. BUl5#H2>-tH 4. 15. 19~23 

[0064] miEmwmmms 1 e 03 (c^-r j; ^ 

6 BISIIJiTflajI^H2 >V 2 I ©ijfeffif'- ^ i . 

■r-5fKS*«i^#S3 6 K J: fj misbiz>tifc&mm2<Dm 
m^om^mor- ^ t ^rfflt^^r , ah 1 ©w* 2 . 2 

©3im^*5^«l3tJ^R^ <@1 (a) ©)«®) Vib^ 

*\ (El (b) (Ditm) •c$>?>*^=&mwi 

mmm 1 6 lascBufittijiSHz >d- 1 5 sD^jaasi^ i- 



(10) 
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[0 06 5 ] 26{c, mw^mm.! 6«, m^smm 

- n tm^m^mm^^Mm^m 2 e k j; o itssij s n/c 

tcisif SAK 1 CDa!i,'^,i L/t:H2{C^-rJ; ^(CMgP3 
{C^^$tlS#*)^^3SCp (02©x zH^) (DMsS 

^ (a . X. a .z)?&^^MWjnj$etf«iJ*m 2 7 

;^tfAKi©£*©isiwei}8. 8 (D■?■n^n©t^l'l:^*ig lo 
[0 06 6 ] $fc. mnmmm. i e «. #)wii*:2©is 

Mg5ftff•fe>•^^2 2Syf]^MgiSftg-b>-9-2 3®«^m7= 

- f i . B?§2MgP«*4ftlSW-i'J*m 2 6 K j; SliflgP 3 © 

S^Wfr 2 ©:*:iig|59 J^CTFiSgl! 1 1 (D^ti^tKOm^ 
ftffi 9 c. 9cL mZ #M) •& Wlf*^»tii#® 2 8 20 
[ 0 0 6 7 ] i;/c. M#^S^S 1 6 friBlillSISil^ 

rnmnm e cs^trFragp 1 1 <Dmmnm. e ^D^f- n^m 

c^r > f^^cDW^ 'J > i'^T^^^l'CcS^tD-rSAftl 1 ©sw 
<*tBag|J©S'Cv©fiig (i¥b<ttf!rsBS#0«JfiCpK: 

g»ffl*m2 9<t. ;?-©-&M!imiSSU©S^C^©{4g®T' 30 

-^j^ffli^T. ±iea-f*)ffi«^cpic*ic^sAra 1 

^^©S>C^©fiS?r*^^)-5#»;m'C^&g»t^i^K3 O 

■€-©AP^ 1 ©^^©S'll^GO (0 1 #Mo WT. #»fi'C^ 

COil^^) ®fig©7^-^S»iOTia«Ift:«^ffffi^m2 8 

tcct s&wft 2 ©AiissQ sofTJEisp 1 1 ©^n^n© 
SSW^ 2 ©^^gBfai crw^Wtt: 2 ©JSlrgP 1 2 © 

#i*«'C»GOK:*r-r€.fig (PL- < tt. wiasc < 5 > ios 

WSAXf. AZf. AXr. AZr) *:^«&SStifiiSgL 
ffi^ms li, mrlH*i*«vi:xMg#ai^m30KJ:S* 40 

' (a X. a z)(lll #M) *^-S*«:S'C>j!)Qjigf#a* 
©3 2<!:<£mrt^^. 

[006 8] 3 ecc. smMa^si 6«. luiasspm 
'tM.mMta^mz 9 «c j:SAia 1 ©&H!l^t:ffisa5o«>l:^ 
(Dum ( i¥ L < ttpi* 2 (ci^fc ^ P!I^^*ffl^g|5©*-t^©fii 
g) ©f^- if iiiia»*i»n3iegi-S'M2 7 K:<fc5#i$ 

)^Scp©ll*0©ttl3iSa,©f'-iJi*ffl(,»-Ci|i6*f 50 
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mmmc mistet ^%fm 2 ©^achssp 9 Ri:^Tiiiaj 1 1 
©^n•en©«'C^©^^3is (^mtmm) 
#si5ftiiie:^w#ia3 3 i«ia«i<*^^#ai^ia2 s 
«:<«: ^§w«: 2 ©:*:issP9 Rur«^ 1 1 ©-en-en© 

W^SPft2. 2©A)EB§P9SJ>'Tligl51 1 ©ftSniiJg 

4*i6 5 mi^&^nmm&nm^m 3 4 i . mtaifiift:^ 
^m^© 2 8 cc j: o 3^ hti?>Mm9 ominm. 9 
c^. S!riaM!igg0ftS-fe>i;?-2 3 ccj: t) musn^ms 

Bl O©fflfflftSA0d©7=-^*fflt^rS^ftfebrt»^. 

[ 0 0 6 9 ] mnmm^m. 1 e «. Mtaa-^^c^ 
mmmwim^m 3 2 cc j; s *i*s.t^©*niss aor-^ 

tmiESM&StWm^ms 1 tci: e§)lW*2 ©SlrSP 1 

2 ©#f*«'D«:*f-r ^ffiB©7^- iitmmmwMmmm 

2 4 fc J: ^IW«: 2 ©attl^i^,©fiJiT^*©f'- ^ i 

miim^m. 3 6 i . c (Dms.t>oyimm(D ^-■^tm 
w^mmmmM-m^m 3 3 icj: ?>^m»2 ©aiuhjq r 

CTFPSP 1 1 ©S'C^©JDMffi©f-"-i' i)Wf*:#gPftttI» 

s»ai#m 3 4 {c J; ^&wfi:2 o:mm Rvn^fm 1 
1 ©ftflnMS©7^- ^ tmmtiimik^^m 5 j: 
sj*s*r{m'#>©fi^fiiLg©7^- 5f i BotaiWf^^^ffi 
9^m.2 8iic^^^mi^2<oim^9Rzrrmsiii i©-e 

[ 0 0 7 0 ] ^cc> ±M.(Dmni^m^m. 1 e ©s^®© 

[007 1 ] m^itAM 1 *s*tf^© 

W#2©aS&?:tf^{C^l,r. MWi*2, 2^mm^ii: 

fciKm-vrnmrnmrnSi 1 e ©nn^uisc^misx ^ 5=-^ 
gAt--5t. Rii#Mffi«si 6^c<^:*^!ia3&s^fS©•!>■ 
'r iJ ASccJi^T«cgiH^-r ^ J; 5 cc^;xiitf 3 n. 
#Wflj2 K:f^ffl-rs)*s^©«i^«i^j&sg;x4s&e>n 

[00721 ^/i*)^. si»iaa«£ 1 6 », 
ia)ai«:a«j*fM*ia2 4©Ma^^f-rs, c©)«if*3i 

I&#IJ»r^® 2 4©^!ia-Ctt, m^V-^ A»(C. 
irga)Bia5±T»lSS-fe>1f2 1 KJ:5fi|S|53©±l^lr:^ 

l^©tt]3lS©*^m7-"- ^ti^hhip D*^ii?)fcBif^©BW 

itW5$n.5>, ^Lr> Kfln®s©*iaiffi*5^©isM^ 

SAfci ^ (C. mtzm 1(b) (C^L./cJ; ^ ^cMWS:^ 
Wimmi^i^. S.-^. aUSaiai (a) «:^L,?£j:^a# 

mxn^mtmT-ntmm^i^^. -r^cfe^. aisi 

©i&tfl^{c. #lSi3t^*fc^*>e,MIW3tm*i,«--©i^f© 
SSKIW, jSilWl»]©Wf*23i«#0R-r5Ci-C, HSMges© 
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©J: 'i icm^hruam&-t2 >if 2 1 tc j: smsps 

[0 07 3 ] ttc. IW«:a«M3iBt^^2 4©«ra"C«. 

Ff. Fr(iai (b) #M) ©liSfiKD^fe. AKoai 
tf:^(Sltc*f trfMlJ©ll^*2{ce^^J6KjS;^F r=^ CF r 
X. F rz)<Dimm (i¥ L/ < {*?ll^^!^t|g 1 6 ©BuHI© 
-y-'T i'^l'cS^ -f A-C*e*6nfc^JS;^F r<DM>i*fii=V~CF 
rx'+Frz?)) D«)3©f?)fcm5g©BH® <BS TOj 

©IE©ffl) iib^^n-S, ^o-c. m^Rt}Fr<Dim 

j5RS:^©it^«i*s±iaM^iOTCCfiT-r€>Sr«. 
3lKl«»r*©2 4W> Wl**:2©astFKfiS*SM)W3?:^F<^ 

[0074] ±ai© J: ^ J5:)W«:3l»«»r*® 2 4 ©MS 

S'j^©2 5s.o'iigi5<«i4:ftSitS'j^S2 6 ic^smm^^ 
^f-r^. c©Ji^. »ffl*4ftatf-a'j^iS2 5©*!iffi 
-cw. 8aia5irf^ttijtfi-t2>-y i 5 sowi? + p -fe > 
1M 4 6-?-ti-enA* 3 ti-5iisiS54 ©irft*ioi©ijna 

a. «aS|54©^3t«©^UJf=-d?*:>6. gTW;<7;l'-?'>7 30 

©®ffi-e«. )gsi585ra*njSS-fe>-9-2 os.!>'MSBs^f 
©ftise. iRsu3©ftse©«iHi7'-^3&>6, *;u-r> 

[0 07 5] YOH2>1M 4. IQtCct 

a* = ^ (ao X, 85 z) 



(11) #632 003-89083 
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* 4 ^eaiJ 3 ©«#nig[ e a. 0 b**i!K J; < itafl-r * c 4 

[0 07 6 ] ^XJC. SI^MBIi^S 1 6 ifsBlWi*^^ 

»ffi^^2 8©«iffliBwaa»ii»ajS«n«i^m2 7©«i 

[0 07 7 ] H(fta»<*^^»ai^m2 8{cj:sms-c 

jm 1 1 <D^nme c ea m&Mi^icM-r^mmn 

a 2 #M) *^Hfifai^ 'ii'Mn-^ j!^mt>c.x<D^ ^ 
i66ns, -r^^itofe. #jBi(*2©Aifi8gn9©ffiMftat0 

dJ. ^©Wlft2«ci|$3n-Cl,i^|«tB^M«iSftK-fe> 
•9- 2 2 J: -SfiaMIB 8 ©® filft^A 0 c©l^^ffif^- ii<D 

titcm^3<mmnmeM>^mmtti^ii>-x^ (6) «c 

[0 07 8] 0c= (9b+A0c (6 ) 

[0 07 9 ] cc-v. m^3<Dm.mnAem. mm^ 
3©±^gi5*iT^j: 0 «>AP^ 1 ommncm^m^^ 

©ffii^cS^5©-Ca5 0. ^Mg58©Jafflft)KA0c«. 
:^g|59 (DT^^^Am 1 ©Bti::^fiiJ{c?^#ms J; ^ (c:^ 

jffiaB 9 *s)@i?H5 3 ©w^^tc^sf hxmmbxt.^ sw^jcje© 

«iJ5:Sfe©-c*>S, 

[0 08 0 ] S #MI#2 ©TiSgP 1 1 Ommm 

©^Bfiii. RIW*^2«cS«3n-Cl^.5firiBJ^g5ftK 
i2>1f2 3{C4;.&JSKf51 O©MfiftSA0d©«^fflf^ 

-:»©4-@ffit3&^6;^si (7) {CcfcO»aj3n-s. 

[008 1 ] 0d=0c-A0d (7) 

[0 08 2 ] C C-t:\ j^Mgi) 1 0 ©Sfl^^JgW. TligP 
1 1 *^;*:Pia59 am'ij'icM bxmmssia ©Wfflffl!J(c« 
*4l/-Ct,^ S^{CiE©ffli *>©-t?*^, 

[ 0 0 8 3 ] *fc. Hirs^tii»niisn-a(i*m2 7©A!iei 

5, ^s:*)-^, mmmimwBmm^yv-2oiic^?>m 
3 ©mif^:^r[pj©»D3is©«iffi 7=^" ^ (D^mm^ ap. lu 

fa)lSP±TMiISH2>1^2 l(cJ;?,)iIg|53©±T5^|fij© 

Wf'-drap. aqi, «(rtajRSWW^IIKfi1!!'J#^K2 5 {C<fc 

Si (8) {Cj:»)«fi>Pfffi^lRCfK:*5W5ffiaaa.=^(* 
X ai,z) ;ds^8i)6*T.'5. 
[0 08 4] 



[0085] ^X(c, jn^Msiija 1 6 mu^m>m'(s> 



= ^Cap' cos0b-aq' sindb, ap- s1n0b+aq' cos0b-g) 

(8) 

50 mi<D^mtmmu<om'Ci'<D&s (MwmnmcpcDM. 
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[0 08 6 ] 04(c^5-rj:^K:> :^mmm'cmi^>?>m 

R2<i:, MSB 3 (CtB^-r Sfi^RBi, H?ia)l6jg|54, 

7. 7&0'Kgl56€:^*D-a-/cg|5^3 8 (WT> ±*^S|53 

n-enflse3@58. mmm loim^r^. tfc mi^R3 lo 

[0 08 7 ] ^L-r. CCDJ: 5 i^jrW^ 

ta^gp (#»<*2©:^iii8si59s.cmffiaji i. ssij3. 
[ 0 0 8 8 ] c cr. mwmm& i e (ctait^^b-c 

C^■5SW»^BSg|5©S'C,^Cl> G2, G3, G4(D{u.m:1it. 20 

<Dm'\>cmiiL&l,t. KABiSP 9 CD JSMge 8 ©nf 'C^*^ *5. A 
)B8SI59©«i'£.<:^(nI(C|lg^ti©&g. -g-TMSPl 1 ©M'C^ 
G2©{ag«, STIBgCl l©l*Mipl 0©'4iiC>*^6T)Ii 

spi i©#'ii»:^iaifciiBgtt2©fegtL.r«3n. 

©gggtti. t2©W*s*i=,5&iD**fe?>nrii#Mil8lg 30 
1 etciaitfi^snriiS. ffe©w#:tBSSB©M'C\ c 

3. G4©fi;g(cr5(,>t:feR:^r*-S, 
C 0 0 8 9 ] iSa. ±ftgP3 8©Mvl>G4©fitg«. «6^{C 
i^<*gP3 8{C$^nS«a{*7, 7©«|#©^* 
*ff^{ctet^^§ffiE^*7. 7«. -asfcflgjgp 
4©Wi/C^{c^tbr*tiBcfl«j)S:fi[gre^«c^c5©t?, ±#gp 
3 8©sc^G4©fiigK3^^^:■^«J■^^-r. mffisa:^^ 

tfc®{C4BC:tS±ft:gP3 8©»C>C4©&gi««R|-i)&: 

[ 0 0 9 0 ] *fc> :^mmmxi£. smim^sn 4o 

lfili*2©:;*C«ggP9Ra^Ti5gPl K MgP3« Ji^^SPS 
8) ©S/DCL G2, G3, G4©{4g*^-r7=-df©ffe. S 

"r-it (^;t«SWmBSSP©ft5©7=-3?) d^abe,*^ 

[0 09 1 ] Tuasi i©mMw« jsq^asi s*^ 

Tfe«,>-Cfej;i**s, AWl©*ft-^H**J*>6, AIH©¥ 50 
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i\ -mic. Aisa^mimmswmoQx g2. g3> c4© 

±fa#Hl|^ffi^gP©S'i:,xGl, G2. G3. G4© 

[0082] Mffi#aPS'C»©g»tii^©2 9 ±^© 

cfc 5 ^mnifmmm. i e fc * e *i oe^iati^^ l ^t^- 
3? i . iiiajiBSP^ft ^ifiij#^g 2 5 -BLUWMmm^ 
swj^m 2 6 (c J: ») -e 4i^n*it> e>n/dagp 4 ©m*4^ 

^0 a ( = ±^gp 3 8 <m^n^) SD^IRSPa ©<Sii4ft 

S0b©^iinai> Btrtap#:^@w^m2 8{cj:?)^ 

4?) 6 tifc#JW<* 2 © AflSgP 9 RD^TBSgP 1 1 ©^ ti-en 

©«*4fte:9c. ecKD^fiiiJ^pe, rspstcsssti 

©SH!lft:tiaSP©a-DGi; C2. G3> G4©{ag5:^i&^. 
[0093] C©11^, #0«ma^gP (§J»«i2 ©AM 
^Q-BiXJyiSm \ 1. filSP3. Ji^^a53 8) ©M*4ftg!: 
0a~0d*3±Kl!©j;^(C^8?)64T.ri*-5©-C> -?-©ffl*4 
ftK 0 a~ 6» d ©f'- ^ t s SPMm0^gP©f--r X©7^ 
- i 6 SrWmmm C p(C*j it S#RI!mB^3P©feg 

tB^SP©*^C^G3U G2. G3, C4©ttg*S*ii&en"&C<i:i 

[0 094] *^8«){c«, m«ia4^#MLr. nm 

4©2EffliJfCfeg-r^W0:2{C^L., AilgP 9 ©*^*:|ffi« 

«0c (C©»^. llI4-C»0c<O-C*5) tribs© 
t?. MWMW^ C pKfcW ^ APgP 9 ©m'C^Gl©^4g© 
(tL-sin0c. -tl-cos9c) <h^c§, Sfc. 
TMgP 1 1 ©*ftJ^«J^Cp{CfcWSMi4ftm*0 d m 
4-Ctt0d<O) -C*S©r. *f*:^^3SCp{C*s»ST 
!i§Pl 1 ©S'C^G2©^ig©J^«tt. ABigP9©63*L 
ci-f-Si, (Lc sine c+t2' sine d, -Lc-cos0c 
-t2- cosed) ifeS, flfe©lW«:2©Ai8aP9JtcrFlli 

gp 1 1 mwc. MSP 3 Siy:±fijap 3 a ©s^c^tcot^r 

±faii3ifii{c>j<«&6,n-So 

[0095] C©j;'5(Cl/T. #gP»'i:^<4g@ffl^m2 
9CCJ:«3. #(*MS^Cp{c*jttS^HI«cfBSa5©«iC>G 

X G2. G3, G4©fi:g^*Js&/cft> Vll»MS^g 1 6 

H»^*^'Cv{ag@ai^S3 0©*i^||tfL/. SPill 

^^gp©a'C^ci. C2. C3. C4©fis©7=-afi, ^pn 
mmucomm.cDT'- ^ t ^m^^^x^wwrnmc^i^ 

A^ 1 ©#(«'C;^GO©fiFg (xq. zq) **Jf)^, 
[0 09 6] CC-e. #«:JS|g^Cp4CfcttSliggP3© 
S4l»G30fii[gRCIf«fij£-en-en (x3. z3) . m3. 

gP3 8©a>c^G4©ci[gS!y:*fi*^n^n {x4. z4) . 

m4. AW 1 ©M:/3(C|§I*5-, ■C£ffiiJ©]^{* 2 ©AiSSpg © 

m^Cxci©fitgRDf«fi«r*n-en (xiu zid . miL. 
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PI)W«:2©TlliSI5l 1 <I>*i:»C2<DfiiSZiLDf«»%*n^ 
tl (x2L. 22L) « ni2U ^ffllJOPft 2 <D:AJBg|59 COa'C^C 
KDHSBcV^mmi^tl^tl (xlR. zlR) « nOR, PIPft: 
2(DTIigPl KDM'Ci'CiOimJkZJmM'&^tl^tl (x2 
a z2R) > nCR. ABBlOftS^rM ( = mlL+nI2L+ii(lR+ * 

xg= (ntLL • xlL+nrlR • xlR+m2L • x2L+m2R • x2R 

+ m3' x3+m4'x4) /M 
zq= (ralL- zlL+ralR' zlR+nCf ^L+mZR- z2R 
+ in3 • z3+in4 • z4) /M 



(13) #g§ 2 0 0 3 - 8 9 0 8 3 

24 

*i«2R+ra3+ni4) fT^t. ##:]^^Cp«:fcWSAIffl 1 
<D#f*:S>C^CO©{flat (xp. zfl) (9) tCJ:D*i& 

[0097] 



(9) 



[0 09 8 ] C © J: ^ (C OT»«:«>QxfeS»W#m 3 0 lo 

#tB^s 3 1 (D^aa i ^mn-r ^ , 
[009 9] c(D«^. Mim'C^tmsMiii^ma 2 © 

#f*a'C^CO©feM <xq, zg) ©^J^Jf'-^^ffll^-C, 
SH*)^^mCp{C*JW€.#l**'GxGO©firg (xg. zq) <D 

■5##a'C^G0(DMlK^Crfxc^/clt". cf zg/de )3!)S*«?) 20 
^br. C©ijnjiffi^Crfxq/dt'. rfzq/cff ) 
|irf3SJtlS[l3lSW-«!I*ia2 7{Cj;9*4?>6*lfc*^ 
ffi^JSC p©M*0©l^>P}-ffi«ISCf{C*jl:fSJnjiSao = 
^(aox. a.z) i©-^^' h-H-fn^^db-SCifc^D^ *6*f 
ftcfc W S*^».C>CD©]!jnaK a = ^ (ax, az)*5 

[ 0 1 0 0 ] Birias-iriagmai#©3 lo^saa-c 
S-r> iriailW:«»#ai^K2 8{cj:f3*a«)6tifc 

#«r<ip:2©±BiaJ9RcrFfigpi i©^n^en©<^^i 

sec. GcKDy'-^cD^^mt. mmim^imnm^m 30 

2 6 J; 0 6 ti/cJKgP 3 ©MMftS e> b©7^- 
^fO^lsHBi, R^)ffia59RCKTIffia51 l©1fWX (S 

§ ) ©5= - $ i . wria-&gpS'C^fegmffl#m 2 9 © 

SSM^2©J£lrgPl 2©{4gAS*<s£»6tii>, Mt^ic 
S4 5£#|^bT, PI®4©£fl(!l{Ci£g^5JSlfl:2K 

ML/, rmul i©ss (MMffil o©cf3/C^3!>>e,sirgp 

SjatrSP 1 2©fi[S©lS® (xl2. Z12) (Lc • sin 
0c+Ld-s1n0d, -Lc- cos0c-Ld- cosSd) iJ&S 40 
({HI/. H4-C«0c<O. 0d<O) . fk^<DmW2iC 

[0 1 0 1 ] or. C<OSM^l 2<D»Wmm?kCp 
Jcfclti^fig (xa2. zi2) iHute#(*M'i:^{4a»Ui#g; 
3 0 CCJ: «3:*Jti6nfc#i*ffifS3^CpCcfcC-J5#ft:ii'C^G 
0©fi[a (xq, zq) <Dr'-^<D^mmtii^h. mtM'L^ 
GoicM-t ?>^mW2 ©JStr» 1 2 ©fiLS^ h (xa2 

-xq. zl2-zg) . -Ti^t)^. milB^ (5) {CtSltSA 
Xf. AZf. AXr. AZr*s^i?)6n-S, 

[0102] 'Aic. mwrnm^m 1 6 w. mtm^m so 



^#1^3 6©Ma^>x©J:^tcjiff-r'So -r/sfc-^. c 

©toa-C». «)faWi*iil«l*iJir^lS2 4(CJ; O^-il©-!^ 
i' JPiS' A-C*iJ»T&nfcJW<*2 ©«S&««g36i#IW3^ 
«,^-c*5il^tctt, Arai©f*«MSDfm:^»iijgSg: 
©fit (C:n6««>6:*^DJst>iSSttoSilgl etCtStSSn 
T(,i^) Sirt3#ft:®>C^«nilS^ai^m3 2K:J:0« 
*6nfc«S>iSfffi^C f(CfcWS#^fi/Dcocr>JJD3iJga 
=^Cax, az)©4-@ffl<!:*i6, wif25S; (2) (Ccfcf). 
^L''Cl,>Slfil^2(cf'ffflT-5j35S:^F=^CFx. Fz) 
©«l5effl*s:^»e.<aS. iSS. C©iS^. #^g|iaffi!l©)Wflt 

2 <jipffli©wt*:2) icvfm-r%0m.t]ii. ^(o. o) 

[0103] t fc. lit«:aS&4m[tlr^S24JCj:0^H© 

s t . B«^*#«'C^Jnjita#ffi^K3 2 K J: «) 

fcite>EfJffiSlSC f=tc*Jlt s##«4:<:o©ja^aa = " Ca 

X az)©^iafiii. Hfriajsmfiifg#ta^S3 i{cj;f) 

*es66tifc#WI^2©ffi-ifg|51 2 ©*«a>i>C0K:*f^5, 
&a©^igffl©f'-^' (5) ©AXf. AZf. AX 
r, AZr©7'-5?©^IiHB) t*:"?). HOiait (5) (C<t. 
9. SWft:2tt©JPRS:^)Ff=^CFfx, Ffz). F r= 
^(Frx. F rz)©«l^fiIAS^d6^tl-S.o 
[0 10 4] -^T. SiaS^ffi^ai 6W. Jd^©J:5S5: 

#^*»l:^&a^ffi^S3o. »ft:»c^ftnji^MKS;m 

3. mi^&^mmm.nm^ms 4r. 0m:bii^m5mM 
#K3 5©tea*iitf-r5„ 
[0105] c©j»^. «riai«i^#gPflpj$K#w*K3 
3©*!!ffl-c». wrl2#^*;S'C^^)^iia^¥^^^*i^3 2©^^t3l 

sm-m^m. 2 9 (c j: ») 6ns#ft)^si^c p«c*jw 

5§Wft:2©flimi^SI5-e*-5:*:li8aJ9RtrFi!a51 1 

©«'C^cl. G2©fii[g©-&n-en©i^^fijf*-if%flBt,» 

#ftiSill3RCp{cfct:f^AlB5§P9J!ccrFIi§Pl 1© 
Q^fi[g©^ti^n©2|i§^^^. ttiii:>^. 

m^mmmrm^WL 2 7 (cj: sksp 3 



(14) 
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Mm.umcmisi,^immm3^--'(.aox, a,z) b<0'^f 
[0 1 0 6 ] $/c, msBrnt^^nmrnmnia^m 4 

2 8 tc i 0 ^fe 6 nSSWflJ 2 CD:*cffiS|J 9 SCTFIEI 

ffli^^r. ^:*j8a59scrFi2Siii i<D^n^nffli4ftS lo 
(9c, 0da)2Pg^^«i. -Tiarto-^. ■:kmi>QVtx:^-rm^ 

[0 1 0 7 ] */c. )5RjS:^{m*ii^^®3 5CDi?iffiT 

^HfeLrt,^^jfii^2(c-ot,>r. 0d^«Biriawii*ai^ 
»ai*iS2 8{cj:i5*&6tiyt:*:iii8SP9©«me:0c 

J66tl/cffiMM»C»'3f|,^r|^#:2 ©SmiHI 1 2*> 
6. ««I«:2<DS¥8P1 3©)5RJK;^jfm* 3 

^o-< >jv)\y (sirsi5 1 2 (C)i*-r ^)35S:^fm*® 20 

[0108] -r^ct?-^. s 
mWif^M'm^r<'^ V)V. < tt. AH 1 Oi*ff35' 

•ra. cc-r\ i<mUQ(o-WDmmnj^e di%. w#2 
{cstL/r«ML'-ct,>^i# (M^{*ia2©Arai©tr*- 

{C[Sj75i-3r:&ffliJ©W#:2) ©ftg-f^f), IE©ffl*4ftS 
0 ctt. Wf4:2 *SAK 1 ©H«ffliJtC#^S J: 5 {C:^IESgP9 
*siKaJ3©|*Q^{C*fl,-C««4Ltri^-5itr <m«02 

©APa 1 ©Br^rtcifiij5i-7-c2£flij©jiw*2 ) ©ftE£r* 

[0109] ^C-C, :^]te?^,^-C». ESRCKae© 

*aMM{^?r^-r. :^eaJ9©«i4ftep0c?&^N--7^-^? 4o 

:^{m*it5t#S3 5©Ma-c». flJiBWf^^^ttl* 

^ 2 8 CC J; 9 6 fi^cXmU 9 ©fflf 4^IS e> c©4-|sl 

(1$ I. < iJK^Sj^fm-^,^ h ;u© xM^i^i. z lili:^ 

[0110] CC-e. 05JiC)f06©J:'5{C. AiB3l59 
<Dffll4IIS0c36!S|l-r*ot:fe{^^g0c©j«iWlg 50 



#M20 0 3-8 9 08 3 
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gpi 3©M*s«i*L.r;!»i6o$^*siiiw-r-5i;r©«5rie 

lll©ffi (05-Ctta l©tB, merttb 1©*@) i. 

Aifigi59©^4ftae>c*s;ft-c. a-^. T^dsgpg ©<^4 

ftS0c©^^tiiSv Bn%. :^IB59©<§»4ftaS*s* 
■e*Sll2©tH (S5t?«a2©fB, 06r«b2© 
ffi) Alli8a59©ffi#4ftJt0c*sa't?. fio, AJUSP 
9©Mi4^^3i)g*3iEt?&S03©*a <05-C{*a 3© 

/Co 0 5 ©tBMM^{c*3tf 1 *J J; 0^0 2 ©tl a 1 . 
a 2 «:^t)-a-fctB©i5iKS;{3:. jS^JK^fm-^-^^ h Jl'© 

PX=Xi • 0c'+xi • 0c'+5^ • 0c^+x, • 0c'+x, • 

i I » ^ fl5© 6 ^^©i^SSHiS: ( «^iScffi) CCJ: 9 
^^nSo 05©ffiM|ig^{CteW5»3©ffia3 

px=xii • ec*+xb • ed+Jt, • ee+xii • ec+xt2 

iC^'5ff$©4yiC©|^]lSPIIIS (x,~x.,»^ISfii) {CJ; 

[0111] He©tBWM<J^{c*jwei^l4jJ:CJ£ 
»2©tBb 1. b 2 «r^t>-&/cfflO!>iS{K^». ^i5S;bf^ 

ffl*-^ h ;u© z «i:^rSjfiS^* pzitr, 

PZ=Zt • ee + Zi • 0c'+Za • 0C' + Z. • 0d+Zs • 
0C'+Z. • 0C+2, 

ii,^^f^©6^>:©^^SMfj (z,~z,W^i(ffl) {CJ:0 
«3n2., S6©tBWM^{Cfel^^03©fBfa 3 
©M^KSW. 

it,^-5Jf5©3^>:oS^31^i!t (z,~z»t{*^?Sfii) tCcfc 

[0 1 1 2 ] ^or. myL-)i^m^.^t> h;i'*^e6SRR 

A)iigI59©<^ft)g0c©iE:fc^iS»iJT^<b^t(c. 
ABigP9 ©<^4:^S0 c©Bt;s?ij7=- ^j©— 
W$n5;WP9©«*4ftiiS©iE:ft^lS«i|-r-S, 3 6 
tc, Ctie>©lSS)?!l$n;t«^ftS0c©jEfti«Mfta 

s©iEft <!: 6 3ia i©tB {c??-r -s *^ u r . 

3nfcffl©aaiKS;(cAS8gP 9 ©ffiMftffie c©^lHl{a>& 
f^iA-rSCiK^OmS^fm^.-^i' h>'l'^»fflf 
c ntc J: 9 . ;*:llig|5 9 ©M^ftgf e c©«iJ>jftS-c©Pi? 

h-'l'©«ii*KSilOr#m-r'5Ci*3r#5„ 
CO 11 3 ] *||JKI5JirCK. W**:2©:^||iaR9© 
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[0 1 1 4 ] i^jS^f^fflj^oasw. ^ifturi* 

K> :km^ 9 omm^ e ctmmB i o <Dmmn&A 

[0115] 3P,{C. Arai*5^^(C|^^i*-?>t$^(C 

tizmmQ<D^mn&dct<Dmicm9 (m&Lt*) 
Nf) , 01 0 (pgmr*)!^) j&ifissr-s. «£or. tgf^ 

[0116] J:ia©*B<^s;^j{m^.©&g*a^bfc* 

^( m, • a,x, nb • a,z)=^(FiX-F,x. 



[ 0 1 1 9 ] C C-C. TBM 1 1 ©*-C^G2<DflnjiS' (a. 
4?)6tlSfc©-C*S. S/c. TIBIH51 l©3fe^©J£* 30 

siJi 2(c{'pffl-r-i>MgpS;f3^(F,x. F^tiit. }5.i^mic 
«. ^wspi i*w-rsjBft2{cot,»-c«?r^s^7fii 

Uri^Si^fCCi. Mg5JS;'3^(Ftx. F,z)tt. Huia^ 
(2) iiCJ:f3^it>^tii,msJj^ (.Fx. Fz) 

#2J&3jlWffl(I©ffiItt:f *§i*(C». ^CFiX. FtZ) = " 

CO. 0)r*s, Mmiti^^cctet^r. KJWft: 

i^fcti. MgpJS:;'3'CFix. Fiz)tt, B«iBS(5)© 4o 
i35JS::'3^ CFrx. Frz) -C&O. ^Pft2 *^BufflJ©Wft-C* 

s<t#(c«, BMia^ (5) ©fRS:^?^ cFfx. Ffz) -e* 
[0120] m-7x. &mi^2<ommm 1 0 {cfp^-r^j^^ 

lej • ai=Mi-M+FiX- t2' • COS0 d-F,z • t2' 
+ FjX- t2 • cos0d-FjZ 

=^\-Is, • oij +F,x • t2' -cosed-FiZ 



(15) #5^20 0 3-89 08 3 
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^^^3 lomm^mnbx. &mw2ommm 1 oj^ 
tt, irfBj^:*jis^*K3 6> iw«:saiJ»Daj|fStta*m 

3 3 . JSi*#g|5fttil3lSSctH^©3 4. fRJg;^?fm*ft 

m^^3 5 > sc>'iwf*^i&#ffl^m2 8 (Cct n^n^n 

A'K:S-5i,»r?fton€). c©igs&:^j^*7'->t'«v AHl 

©§w»tB^a5©Mjta«j(cM-r la^a 

0> BSMg58Ccf^fflTS-=e-^>h*s)l«#(c*e6P>n 
[011733 6{C^iffitC«. la 1 1 s 

T\ swf*2©T«5gpi ucMo. rmmi i©5fe^gp 

©JSMSSl 2(cfg^-r-5;^ (MiSiK^F) . TMSPl 1© 

nasgsi o©gB^{cf^ffl-rs;^ (Mfi5S;^j) . mrrm 
gBi 1 ©«'CvG2©a£jttWjis*. ^n-enie^sfjffis^c 
ncisi-f^hm^mmtic J: "(f^x, f,z), ^cf^x, 

F,z). ^(a,x, a.z)<i:L. ^TMSPl 1 ©SS^rrn. if 

5, c©iif. TKSPi i©S'i:»c2©aatjis&K:Ki-rs 
asfi*ss:tt. ^jes; (1 0) iia:^. 

[0118] 
FtZ-FjZ-nij • g) 
aiX. FjZ— nfe • aj z— nt • g) 

(10) 

^mm^'cF^x. F,z)K. j«t<*&a5ai)iegai^®3 

3 K 4; 0 6 nfcTliSB 1 1 ©M>t*G2©]toaS^ (a 

,x. a,z)©f=^-d?i. )5RJS;^;«l^^|g3 6{c^0*i&6 
n^j*S;t7 < = "(FaX. Fiz)) ©7=-5?i> TiSSPl 
l©*6*>i;»*i*?)n/i:S«ni,©7^-df<!:, mtftXi^ 

Sg©tt<h*^6, ±taie(io) (cj;«3*&e.ns. 

[ 0 1 2 1 ] t fc, E 1 1 €#BgL/r« TPSP 1 1 ©^ 
^©Seasi 2{Cf1fffl-r5*-^> h^M,. TliigP 

1 1 ©iSfMgii 1 0 ©as^jtcf^-r 5*-^ > h . 

TligUl l©S'6G2©liI0©mtt^"^>h5:lo,. T 
liSSP 1 1 ©»C^G2©|51 0 ©ftflnaS?: a , <i; f -5 o « 
fc. «5[i2EI4fcm3-&-r. TBigPl l©*'i:^G2iKW 

«pi o©ttJ.c»ioia©^i8t«:t2. Tiiasi i©S'i:<2i 
2 t<Dm<Dmm^t2' {=Ld-t2) i-rsi. 
Tjffigp 1 1 ©a'G^G2©@ ©i5iiKa«i(cMi--sa«i:e'e 

[0122] 

• sin0d 
t2 • sin^d 



t2' 



+ F, X • t2 • COS0 d- F, z • t2 



sln^d 
sindd 
— (11) 
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[0123] C CV. ( 1 1 ) ifJCDMitt, |g|^ ( 1 

1 ) ^mfy^rsm 1 1 «:*-r-5jBi#2oco(,^rt«ta^ 
CO i2 4]«e^r. MMffii o{c{'^ffl-r.5*-p^>h 

H ms.tmM^^ 3 6 J: S0RS::^cr)«ISfii®7'- 

5/ 1- ;KD 5r <!: . Wft^SUft JPiSSff ffi^K 3 4 (c J: * 
^(Fjx, FiZ) = '^(FiX-ini • ckx. 

to 12 8] CCV. ^(F,x. Fzz)«. ^feJCla^ie 
(10) «cj:f)**/c«Mgpl 0®WgpJS;tj-C*S, ^ 

'(a,x. aiz)«, HWe)fil<*#S|5Jn3lS#ai^^g3 3 
K: J: 0 *is{> e>n 9 ©S/C^gi©^)^#3R C f (c 



(16) !ftgg20 0 3-89 08 3 
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* STUSB 1 1 cDftjniiS a . ©f*-- * t . mi^nwm 

^m2 8{Cj:^,T)iiSPl ICMMftSedOT^-^ri. 
jjia^ (1 0 ) (C J: «? ^i?) 6ti/cMg0Jg^^ (F, X. F, z) 
©f*- if <!: , * C It^tbtcrm^ 1 1 ©litt*- ^ 
> h Ic. . -t^-Y X ( Ld) . Sit\G2©fiiK(t2)©f'- 4r i 

*>e.pgES; (II) (Ccfco^fc^n-s. 

[0125] M«5^->f > h«l^^^3 Tit. ±fa©J: 

^ (c oTTiiaaj 1 1 <Dimm i o ©as^Ki'^^-r ■5*- 

^> ^©»aiMStIaHi©J5iatcj:-o 
;^lliSP9©|jaMgiS8©gi5:^(cf'^ffl-r5^-y>h4 

c©^tta©a*6<j^c#^:^r«v lawieio©* 

[0126] -^J&t?^. ^-r. :'s:)ligiJ9©a^Q^Gl (04 

#R§) ©afeiiai&*cM-rsas6:«rS3;«c»-5<;ji:se ( 1 

2 ) (MtaS: (10) iR cm<D^) KJ; 9 . 7^)ESgl59 
(DfSmm 8 ©gp^tcf'^ffl-r SM8i5S:*^ (F, X. F3 z)*s^ 

[0127] 
FjZ-iBi • ^z-m, • g) 

(12) 

5« [0129] ijct^-r. :;^)ffiaJ9©SvC^©@D©B?£ai 
(11) iPIDJ^©^) {Cj;tp, ;^gP9©JSMge8© 
[0 13 0] 



li/t^Mi -Isi • ai + F,x* tl' • COS0 c-FiZ • tl' -sinec 
+ FjX' tl' cos^c-FsZ' tl' s1n0c 

(13) 

m.imt. m^it Am 1 ©*tf*fflS;Ts*ig (i^Mgi 1 



[ 0 1 3 1 ] C C-C> BUie^ ( 1 1 ) (CJ: »)*«{) 

6tifc^Mfii51 0©-t-y>h. ^(Fzx, Fjz)». Wr 

sa^ (1 0) ic^f)r^ifyi^tiiiimm®io<ommm:h. 

^(Fjx, Fjz)^*, Bfria^ (12) {cj:0**e.ti/c^ 
MgS8©M®JS;^. i,x«« *6j&^De6*&ft::A:JSSgp9 
©S'll<a©ia 0 ©1S14^- ^ > h > a 1 wtsrs aWft^lHS 

jSjg. 9 c»B«ieWi*^^»Hi^m2 8 (CJ; t)^J66n 
-S;^MS139©ffl«4ftK-C*S, tii*. ^Mg58© 

'p'C^ifi^:k'im9<DmAs<!iMi-c<omm (04#m) . t 40 

1' ^Mg5 1 0©ctivC^3&iP,;*:i8§B9©*.C<a.tT© 

Egit (ia4-r»Lc-ti) -c^o. c:ne>«. *6*iD«t» 
^fcS^Cxca.©eg-?5:^gI59©l^-YX (S3) 
i;sfe©-c*^<, 

[0132] li^iiJiH^Lfc^jiffiAs, Buia?il#^jtffi^lg 1 
•r^ms.:fj^. ^mw 2 cyimm 1 0 j^cj^jskss s tcf'p 

[ 0 1 3 3 ] i^a. *B^ili»-C©i¥ffl;&:mB^««'BS-r?. 
J&i. *«66txfc]KMt5l 0-^HSMg58©*-^> h©ti so 



^^) ©MSPKffll^&tlS, 

[0134] mmLtcmwfmm^i ecommi.c^'o^ 
i?)6tifc)5Rjs^©««ffl (g^u<tt. mm^oimm 
<mfitm) ©s^ifc©«^«ria 12-014 fc^t? 
m^r ^ , ^ fc > ?ii»5&a^ i e <D!mi,c j; 13 6 
n/c)^Mee 1 0 so^jsMgis e ©*-^ > h ©ji^fii©^ 
m^itowf-^mi sicmuvm^-r^o cc-c. ai 
2Rjy® 1 5». Ais 1 ■m^i&^mt-mmw.vmfL 
tcm-^omnk. m 1 3 uAm 1 A«**ff u-c^-^fc 

1S^©0!I^S« 0 1 4 it Am 1 *5tS^-(c)ffi-:>/ctfc«*>e,fi: 
%±*Sofc«^©0!|:T^-C*-&o C©ii^. HI 2-01 

ragg 1 0 :RofB?iwgs 8 ©*-y > F ^^iuytJt^ 
mmm 1 ojia£jsMgp8©*-y> hojuatctis-r 

[0 1 3 5 ] 01 2~ai 4*#MLTW6*^^cJ;^ 
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1 0 ^i&mm 8 (D*-y > h *,tt$jje<>ifis* < «i3£-r s 

[0136] «±©J;"5(c, :^mmBmic^init. 0ft 
2«:Arai<D^tf<D)f|J@liird:o/t:0. l»«:2<?)a«&(Cft 

M«58-?>J!g:Mffi8{cg«L//c^Si2>-»f2 2. 2 3-^. lo 

H2>if 15. 20. 21 ti^'^j:^t£tmmn>mx^mM 

2 ©bsmip 8 Ri^mmm i o tcfp^-r s*-^ > h * y 

CO 1 3 8 ] OTia*it?i?.®-c«. I«lft2©ai«tt*i 

i^€fij»f -r s fc*(c . MgiJ±T»naiSi2 >-»f 2 1 <D^m 

m«i«iaa^finMigHfa'j#iS2 7 {c J: «3 *j66nsi^ 
*f ffi^is c rc©Mgp 3 CD JUias a , <Disa::^f&i ( z W:^ 
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[05] as^tf^tcisws^jg^jfm^-^^ h;uoji 

[07 ] mf-m'om^ci&i.ii>m.m.tiV^m^.-^^ h^kdm 
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